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1 H NMR spectra were recorded using a Varian Mercury plus 400NB spectrometer relative to tetramethylsilane (TMS) as internal standard. Molecular masses were determined by a FINNIGAN LCQ Electro-Spraying Ionization-Mass Spectrometry (ESI-MS), or a MALDI-TOF-MS. Elemental analyses were performed on a Vario EL III elemental analyzer. The crystal suitable for single-crystal XRD analysis was obtained through slowly diffusing hexane into dichloromethane solution of tBCzHxPO at room temperature. All diffraction data were collected at 295 K on a Rigaku Xcalibur E diffractometer with graphite monochromatized Mo K ( = 0.71073 Å) radiation in scan mode. All structures were solved by direct method and difference Fourier syntheses. Non-hydrogen atoms were refined by full-matrix least-squares techniques on F2 with anisotropic thermal parameters. The hydrogen atoms attached to carbons were placed in calculated positions with C−H = 0.93 Å and U(H) = 1.2Ueq(C) in the riding model approximation. All calculations were carried out with the SHELXL97 program. Absorption and photoluminescence (PL) emission spectra of the target compound were measured using a SHIMADZU UV-3150 spectrophotometer and a SHIMADZU RF-5301PC spectrophotometer, respectively. Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were performed on Shimadzu DSC-60A and DTG-60A thermal analyzers under nitrogen atmosphere at a heating rate of 10°C min -1 . Cyclic voltammetric (CV) studies were conducted using an Eco Chemie B. V. AUTOLAB potentiostat in a typical three-electrode cell with a platinum sheet working electrode, a platinum wire counter electrode and a silver/silver chloride (Ag/AgCl) reference electrode. Tetrabutylammonium hexafluorophosphate was used as electrolyte with a concentration of 0.1 mol L -1 . All electrochemical experiments were carried out under a nitrogen atmosphere at room temperature in dichloromethane. Phosphorescence spectra were measured in dichloromethane using an Edinburgh FPLS 920 fluorescence spectrophotometer at 77 K cooling by liquid nitrogen with a delay of 300 μs using Time-Correlated Single Photon Counting (TCSPC) method with a microsecond pulsed Xenon light source for 10 μs-10 s lifetime measurement involving scatterer for correction, the synchronization photomultiplier for signal collection and the Multi-Channel Scaling Mode of the PCS900 fast counter PC plug-in card for data processing. The films (100 nm) were prepared through vacuum evaporation for optical analysis and AFM measurement. Photoluminescence quantum yields (PLQY) of the DMAC-DPS doped films were measured through a labsphere 1-M-2 ( = 6'') integrating sphere coated by Benflect with efficient light reflection in a wide range of 200-1600 nm, which was integrated with FPLS 920. The absolute PLQY determination of the sample was performed by two spectral (emission) scans, with the emission monochromator scanning over the Rayleigh scattered light from the sample and from a blank substrate. The first spectrum recorded the scattered light and the emission of the sample, and the second spectrum contained the scattered light of Benflect coating. The integration and subtraction of the scattered light parts in these two spectra arrived at the photon number absorbed by the samples (Na); while, integration of the emission of the samples to calculate the emissive photon number (Ne).
Then, the absolute PLQY () can be estimated according to the equation of  = Ne/Na. Spectral correction (emission arm) was applied to the raw data after background subtraction, and from these spectrally corrected curves the quantum yield was calculated using aF900 software wizard. scheme S1. Synthetic procedure of tBCzHxPO.
Synthesis method
Synthesis of bromides. tBuCz was dissolved in DMF under stirring. Then, one or two equivalents of N-bromobutanimide (NBS) was added gradually in several parts. The reaction was monitored with thin layer chromatography (TLC). When reaction completed, the mixture was poured into ice water. The solid was collected and recrystallized with the ethanol to afford the product. H 6.75, N 3.91; found: C 67.11, H 6.73, N 3.94. 1, : white powder with yield of 88%. 1 H NMR (TMS, CDCl3, 400 MHz): δ = 8.075 (s, 1H), 7.972 (s, 2H), 7.634 (s, 2H), 1.434 ppm (s, 18H); GC-MS (m/z, %): 435 (100) [M + ]; elemental analysis (%) for C20H23Br2N: C 54.94, H 5.30, N 3.20; found: C 54.91, H 5.33, N 3.27 .
Synthesis of phosphine oxides.
Under Argon, 1 mmol of bromide was dissolved in ether and cooled to 0 o C for 20 minutes. Then, an equivalent of n-BuLi in hexane (2.5 M) was added into the solution dropwise. After stirred at 0 o C for 1h, an equivalent of diphenylphosphine chloride was slowly added into the mixture. The system was then warmed to room temperature and stirred for 18h. The reaction was then quenched with addition of water, and extracted with dichloromethane (3×10 mL). The dichloromethane layer was concentrated and then added with 30% H2O2 at 0 o C and stirred for 1h. The organic layer was washed with water and extracted with dichloromethane (3×10 mL), and then dried with anhydride Na2SO4. The solvent was removed in vacuo. The residue was purified by flash column chromatography using petroleum ether/ethyl acetate as eluent to afford the compounds.
3,6-Di-tert-butyl-1-(diphenylphosphoryl)-9H-carbazole (tBCzHSPO): white crystal with a yield of 45%, m.p. 218 o C. 1 H NMR (TMS, CDCl3, 400 MHz): δ = 9.967 (s, 1H) , 8.255 (s, 1H), 8.087 (d, J = 1.2Hz, 1H) , 7.714 (d, J =8.4Hz, 2H) , 7.685 (d, J = 7.2Hz, 2H) , 7.555 (td, J1 = 1.2Hz, J2 = 7.6Hz, 2H), 7.520-7.430 (m, 5H), 7.362 (d, J = 8.4Hz, 1H), 7.187 (dd, J1 = 1.6Hz, J2 = 14Hz, 1H), 1.441 (s, 9H), 1.330 ppm (s, 9H); 13 C NMR (TMS, CDCl3, 100 MHz): δ = 142. 417, 141.501, 141.467, 141.156, 141.045, 138.430, 133.445, 132.410, 132.056, 132.023, 131.922, 128.613, 128.491, 126.586, 126.485, 124.432, 124.378, 124.295, 121.842, 120.505, 116.111, 110.732, 110.655, 109.590, 34.719, 34.658, 32.010, 31.853 ppm; 31 013, 141.906, 140.487, 140.445, 132.990, 132.065, 131.993, 131.964, 128.601, 128.480, 127.951, 127.860, 123.135, 123.051, 120.500, 120.476, 112.676, 111.624, 34.764, 31.830 ppm; 31 
DFT and TDDFT Calculation
DFT computations were carried out with different parameters for structure optimizations and vibration analyses. The ground state configuration was established according to single crystal data. The singlet and triplet states of tBCzHxPO in vacuum were optimized by the restricted and unrestricted formalism of Beck's three-parameter hybrid exchange functional (34) and Lee, and Yang and Parr correlation functional (35) B3LYP/6-31G(d,p), respectively. The fully optimized stationary points were further characterized by harmonic vibrational frequency analysis to ensure that real local minima had been found without imaginary vibrational frequency. The total energies were also corrected by zero-point energy both for the ground state and triplet state. Natural transition orbital (NTO) analysis was performed on the basis of optimized ground-state geometries at the level of B3LYP/6-31G(d,p) (28). The contours were visualized with Gaussview 5.0. All computations were performed using the Gaussian 09 package (36).
Gaussian simulation results
fig. S1. Potential variation during conformation transformation of tBCzHxPO. (a) Potential energy surface and dipole moment scans of tBCzHxPO through stepwise tuning dihedral angle between carbazole and DPPO groups with interval of 10 o . The predominant conformations were marked with the calculated structures; (b) Transformation pathways of tBCzHxPO and the corresponding energy variation.
The potential energy surface and polarity scans of tBCzHxPO through adjusting dihedral angle between DPPO and carbazole groups were performed (fig. S1a). It is showed that the energy barrier between exo and endo conformers are surmountable as ~15 kJ mol -1 , making conformation transition feasible ( fig. S1b ). Meanwhile, the potential energy of endo-type tBCzHDPO conformer is the lowest, which is 11.7 kJ mol -1 smaller than its exo-type isomer, thereby make positive transformation possible. As expected, the dipole moments of the exo-type conformations are close to the highest values, while the endo conformers possess the almost lowest polarity. In contrast to tBCzHSPO with slightly fluctuated dipole moment, the combination of the orientations for two P=O groups enlarges the polarity difference between various tBCzHDPO conformers. Meanwhile, the polarities of exo and endo-type tBCzHDPO conformers are nearly the highest and lowest, enhancing the polarity variation of exo-to-endo transition to the maximum, which establishes the basis of constructing TADF diodes with distinct allochroic characteristics.
fig. S2. Involved molecular orbitals, contours, and contribution weights of S0→S1 transitions for tBCzHxPO and tBCzMxPO simulated by the NTO method.
All isomers of these compounds show S0→S1 transitions characteristic of locally excited (LE) states with contribution ratios beyond 90%. The "hole" locations of exo-and endo-isomers for tBCzHxPO and tBCzMxPO are almost identical, which only incorporate carbazole cores. Whereas, diphenylphosphine oxide (DPPO) groups are more involved in "particle" locations of exo-type isomers than their endo-type congeners, which should be attributed to influences of the electronic interactions between phenyls in DPPO groups and carbazole due to the electron-withdrawing effect of the former.
fig. S3. Energy levels and contours of FMOs for tBCzHxPO.
It is interesting that exo and endo-conformations of tBCzHxPO result in their various frontier molecular orbital (FMO) energy levels, revealing the different intramolecular electronic interactions between their DPPO groups and carbazole cores. The highest occupied molecular orbital (HOMO) energy levels of exo-type isomers are remarkably lower than those of endo-type isomers, roughly in accord with the situation of their lowest unoccupied molecular orbital (LUMO) energy levels. It can be noticed that in contrast to endo-type conformations with outward phenyls in DPPO groups, the DPPO-carbazole interactions in exo-type conformations with reduced DPPO-carbazole distance are enhanced, rendering the deeper HOMO energy levels of exo-type isomers and thereby their larger HOMO-LUMO energy gaps, in accord with TDDFT calculated results. The LUMO of the endo-type tBCzHSPO is comparable to that of its exo-type isomer with the negligible difference less than 0.01 eV. However, compared to the partially counteracted electron-withdrawing effects of DPPO groups in symmetrical endo-type tBCzHDPO, its asymmetrical exo-type isomer actually accumulates electron-withdrawing effect of DPPO groups, giving rise to the 0.1 eV deeper LUMO. Furthermore, in comparison to the exo-type isomers, the FMO energy gaps of endo-type conformers are reduced by 0.15-0.25 eV. Small FMO energy gaps can also facilitate the carrier injection balance in the films of endo-type conformers. Nevertheless, the conformation transformation of tBCzHxPO hardly changes their first triplet energy levels (T1), which are more than 2.95 eV to support positive energy transfer to DMAC-DPS (T1 = 2.90 eV). The segment movements during heating would be accompanied by the conformation variation. In this sense, the phase transition, especially the glass state transition, can reflect the role of heating in facilitating exo-to-endo transformation. DSC curves of tBCzHxPO were measured as shown in fig.  S5a . Both of tBCzHxPO showed the distinct temperatures of glass transition (Tg) at 136 and 125 o C, respectively, which would correspond to their exo-to-endo transformation ( fig. S1 ). Furthermore, the melting point of tBCzHDPO is 214 o C, only 4 o C lower than that of tBCzHSPO, which reveals their comparable intermolecular interactions. In this case, the conformation of tBCzHDPO should be symmetrical endo type after glass transition, which can mitigate the reductive effect of its one more steric DPPO group on intermolecular interaction to the maximum limit and thereby further verifies the heating-induced exo-to-endo transition.
Optical properties of the PO molecules
The AFM images show high quality of tBCzHxPO films with root mean square (RMS) roughness as low as ~0.4 nm (fig. S5a ). More significantly, after doping, the film RMS values are still within 1 nm, revealing the uniform dispersion of DMAC-DPS in tBCzHxPO films, which can get rid of the aggregation-induced emission variation and suppress exciton quenching. 359, 313, 302, 224 [b] 383 [a] 385 [b] 40% 3.24 [d] [a] in CH2Cl2 (10 -6 M); [b] in film; [c] calculated by using 9,10-diphenylanthracene (DPA, PLQY in hexane is 95%) as reference (37) The cyclic voltammograms of tBCzHxPO indicate their similar oxidation behavior characteristic of carbazole group with the highest occupied molecular orbital (HOMO) energy level of -6.1 eV (fig. S4a ). The one more electron-withdrawing DPPO reduces the energy level of the lowest unoccupied molecular orbital (LUMO) of tBCzHDPO to -2.7 eV, 0.2 eV deeper than that of tBCzHSPO. The shallower LUMO and deeper HOMO of tBCzHDPO than those of DMAC-DPS facilitate the direct dopant-localized charge capture and exciton recombination for efficiency improvement (scheme S2) (38). It was showed that compared to J during the second circle, J during the first circle was higher when voltage less than conductive voltages, but lower after breakover ( fig. S4b ). It means that after transformation, the endo-type conformers with symmetrical structure can improve the regular molecular packing, which can simultaneously reduce the defect-induced leakage current and facilitate the intermolecular charge hopping before and after breakover. 
Device
Operating Voltage (V) [a] Efficiencies [b] CE (cd A -1 ) PE (lm W -1 ) EQE (%) tBCzHSPO 3. 5, 5.5, 8.5 21.8, 17.7, 7.4 19.5, 9.9, 2.7 13.6, 11.0, 4 According to DFT calculation results, similar to tBCzHxPO, the molecular polarities of exo-and endo-isomers for tBCzMSPO are comparable as about 4 Debye; whereas, the polarity of tBCzMDPO are dramatically changed from 6.95 Debye of exo-type to 3.36 Debye of endo-type isomers. The energy difference between exo-and endo-conformers of tBCzMSPO as 22.3 kJ mol -1 is similar to that of tBCzHSPO, in contrast to the increased energy of exo-type tBCzMDPO than that of exo-type tBCzHDPO. The energy differences between exo-and endo-conformers of tBCzMSPO should be ascribed to steric hindrance of N-methyl group. Furthermore, TDDFT simulation results show that from exo to endo transformation, the first singlet energy levels (S1) of tBCzMxPO are also reduced for about 0.1 eV, which is consistent with the decreased HOMO-LUMO energy gaps of endo-type isomers ( fig. S2 ). Nevertheless, since steric hindrance can be overcome by external energy, N-methyl group has no effect on locking the thermodynamically predominant endo conformations of tBCzMxPO. In this sense, the polarity variation during conformation change can not be controlled for tBCzMxPO.
Device structure and electroluminescence process scheme S2. Device structure and energy level diagram of the devices.
The five-layer configuration was employed to confine the exciton and charge carrier into emissive layers (EML). The T1 energy levels of mCP, DPEPO and hosts were about 3.0 eV to block the exciton diffusion from EML and confine excitons on DMAC-DPS. Furthermore, the energy gaps between the HOMO and LUMO energy levels of the hosts and DMAC-DPS are about 0.2 eV to facilitate the direct charge carrier capture by DMAC-DPS, making the direct carrier and exciton capture by dopants become the predominant EL process.
Encryption mechanism scheme S3. Encryption flow chart of EWPR-type memory based on irreversible AOLEDs.
In contrast to other WORM-type memories, allochroic TADF diode shows the unique advantages for WORM application in two aspects, viz. visible data storage and dual encryption in electrical input and optical output, which successfully harmonizes the contradiction between simplifying information reading and enhancing data confidentiality. In virtue of the irreversible characteristic for emission color change behavior of tBCzHDPO-based AOLEDs, the data can be encrypted through both electrical and optical methods. Since the write voltage exactly corresponds to the emission color, the data can be encrypted in multi levels by changing the write voltage from 3.5 to 10 V with an interval of 0.5-2 V, accompanied with changing emission peak from 464 to 480 nm with an interval of 4 nm. In this case, if the write voltage or the read voltage exceeds the nominal value, emission peak wavelength will be shorter than the setting value, rendering the data damage. Furthermore, since there are at least five peak wavelength values for setting "0" or "1", ten pairs of "0" and "1" can be utilized for data storage, which is complicated for read encryption. The device was driven from 4 to 10 V with an interval of 2 V and duration of 20 s for each voltage (fig. S10 ). It is showed that the operation time to realize the emission change, which is defined as response time, is in the reverse proportion to driving voltage. It is rational that as proved by DSC analysis, the conformation transition under electrical field is similar to annealing. In this sense, the endo ratio should be strongly dependent on the joule heat, which can be roughly evaluated with power density. As expected, the response time shows the exponential decrease along with power density increasing; whereas, the function between voltage and power density is just opposite, finally resulting in the approximate linear correlation between operation voltage and response time. Meanwhile, it is noticed that once emission color changed, the EL spectra can keep stable under the corresponding driving voltages at least during the next 10 s. Obviously, the exponential dependence of response time on power density would dramatically elongate the response time when reducing operation voltage. In this case, only if increasing operation voltage, the EL spectra can effectively keep unchanged under the original voltages.
fig. S10. Performance repeatability of the allochroic TADF devices. (a) Average maximum efficiencies and (b) emission color-voltage correlation of five parallel devices with error bars showing the volatility.
The data presented in the manuscript were from the devices with the performances most close to the average values, which were added as fig. S9 in revision with the error bars corresponding to the range of the results. It was showed that the EL performance indicators of these devices were rather stable with the deviation less than 10%. Furthermore, the allochroic trends of these devices were thoroughly consistent. Only the voltages of the transition points for emission peaks were slightly different with fluctuation of 0.5 V, which should be ascribed to the operating system error during measuring. Movie indicating the allochroic process movie S1. Allochroic TADF diode.
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